properly cited.
Introduction
Human immunodeficiency virus (HIV) infection was historically perceived as an independent marker of poor prognosis among patients with critical illness [1] [2] [3] [4] . However, the introduction of combination antiretroviral therapy (cART) in 1996 changed the landscape of HIV care dramatically, with substantial reductions in morbidity and mortality in HIVinfected patients [5] [6] [7] [8] [9] . HIV infection is now a chronic disease rather than a terminal illness [7, 8, 10] . In the era of cART, the incidence of opportunistic infections (OIs) and HIVassociated malignancies has declined, rates of hospital admission have fallen, and life expectancy has increased [7, [11] [12] [13] .
However, despite improvements in HIV care, ICU admission rates in HIV-infected patients have stayed stable or increased [7, 12] . HIV-unrelated comorbidities now account for the majority of ICU admissions in this population [11] . In particular, sepsis and complications of chronic liver disease have increased in relative importance [5] . Chronic inflammation and subtle immune dysregulation despite cART may contribute to an increased risk of sepsis in this population [14] . Short-term mortality rates in HIV-infected patients admitted to ICU have fallen in the cART era [9, 15] , but their outcomes relative to the general population are conflicting. While a recent study found that HIV status did not affect outcomes in critically ill patients [16] , other data suggest mortality in critically ill HIV-infected patients continues to exceed that of HIV-uninfected ICU patients [11, 12] . To date, published data on the epidemiology of critical illness in Canadian HIV-infected patients, as well as their outcomes, are limited.
The aim of our study was to describe the epidemiology of critical illness among HIV-infected patients in Edmonton,
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Alberta, and to identify factors associated with mortality in this population. We hypothesized that higher illness severity and lower CD4 cell count would be associated with higher 30-day mortality.
Materials and Methods
The Research Ethics Board at the University of Alberta approved the study and obviated the need for informed consent (study number Pro00026353). STROBE guidelines for reporting of observational studies were followed [17] . Design, Setting, and Population. This retrospective population-based cohort study was conducted in Edmonton, Alberta, an urban Canadian center with a population of approximately 1.3 million and a large northern catchment area. The city has five closed general medical/surgical ICUs: two academic/tertiary care ICUs and three community ICUs. The region admits approximately 3500 ICU patients per year.
Study
All adult (aged 17 years or greater) HIV-infected patients admitted to ICU from July 1, 2002, to July 31, 2014, were included. We did not distinguish between patients admitted to the ICU directly from the community and those transferred from a hospital ward. Patients were identified by electronically cross-referencing ICU admission data with our regional HIV database. For each ICU admission, the medical record was reviewed and patient data extracted.
Data Collection and Definitions.
Sociodemographic data included age, sex, ethnicity, and HIV risk factors. Comorbidity data included alcohol/drug addiction, cirrhosis, coronary artery disease (CAD), chronic obstructive pulmonary disease (COPD), psychiatric disease, previous OI, history of malignancy, and viral coinfection. Hepatitis C virus (HCV) coinfection was defined as HCV RNA positivity or anti-HCV IgG positivity without an available HCV RNA. Hepatitis B virus (HBV) infection was defined as surface antigen (HBsAg) positivity.
HIV disease severity factors included the most recent CD4 count (cells/mm 3 , percentage [%]) and HIV plasma viral load (PVL, in copies/mL) prior to admission to ICU. To account for changes in assay sensitivity over the study period a cut-off of <200 copies/mL was used to define suppressed PVL. Where CD4 count and PVL had not been performed within the preceding six months, the first CD4 count and PVL recorded after ICU admission were used.
Patients who held active prescriptions for cART at the time of ICU admission were categorized as taking cART, unless known to be nonadherent. cART was defined as an antiretroviral (ARV) regimen consisting of at least three drugs from at least two classes. Seroconversion date and duration of HIV infection were recorded. A new diagnosis of HIV was defined as newly positive testing during the index hospital admission prior to discharge from ICU.
Admission diagnosis (characterized as respiratory failure, sepsis, trauma, overdose, or other) was recorded. Sepsis was defined according to the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference [18] . Sepsis was subcategorized by site (e.g., pulmonary, bloodstream). Sepsis due to an OI was separately subcategorized.
Illness severity was captured by the APACHE II score within 24 hours of ICU admission. Organ failure/support was collected, including receipt of mechanical ventilation, number of days of ventilation, renal replacement therapy, and presence of shock (defined as the administration of vasopressors during the first 24 hours of ICU admission for persistent hypotension despite adequate fluid resuscitation). The first lactate dehydrogenase (LDH) and serum albumin measured in ICU were also recorded.
Our primary outcome was 30-day mortality (from time of ICU admission). Secondary outcomes included other patient-centered outcomes (ICU and in-hospital mortality) and health services utilization (receipt of organ support, ICU length of stay [LOS] ).
In cases where patients were transferred between ICUs due to capacity limitations, ICU admissions were combined and considered a single admission. We only analyzed the first ICU admission for each patient; multiple admissions were excluded.
Statistical Analysis.
Baseline characteristics of the cohort were expressed as means with standard deviations (SD) or medians with interquartile ranges (IQR) for continuous variables. Categorical variables were expressed as a number and percentage.
HIV-infected survivors and nonsurvivors were then compared using Chi-square or Fisher's exact tests for categorical variables and -tests or Mann-Whitney tests for continuous variables. Tests were two-tailed with an alpha of 0.05. Variables of clinical significance (age, sex, CD4 count, and PVL) and those with values ≤ 0.1 in univariate analyses were included in multivariable Cox proportional hazards regression models to evaluate their association with mortality. For nonnormal continuous variables, we performed transformations to normalize the data. If no significant changes were noted, variables were left untransformed for ease of interpretation. Adjusted hazard ratios, 95% confidence intervals (95% CI), and values for each variable were calculated. Proportional hazards model assumptions were checked using time-covariate interaction terms.
Our preplanned sensitivity analyses included entering the following variables to our primary model: albumin and LDH, hospital site, and admission date (to examine for changes over time the study period was split into two equal time periods: Statistical analyses were performed using IBM SPSS Statistics, Version 23.0 (Armonk, NY, IBM Corp.).
Results

Baseline Characteristics.
Over the study period, the total number of ICU admissions in the region was 42632, of which 282 HIV-infected patients were admitted to ICU 366 times. Five admissions were inter-ICU transfers and were combined as one admission, leaving 361 discrete admissions. Fifty-four patients had multiple ICU admissions ( Figure 1 ). Only the first admission for each of the 282 distinct patients was subsequently included in our analyses. The incidence of HIVinfected first admissions over the study period was 6.6 (95% CI 5.9-7.4) per 1000 admissions. The two academic/tertiary centers admitted the majority of patients ( Figure 2 ). Baseline characteristics of the cohort are shown in Table 1 The mean duration of HIV infection for patients with a prior HIV diagnosis was 6.0 years (SD 5.5). At the time of ICU admission, 33/237 (14%) with known HIV infection did not have CD4 count and PVL testing performed within the preceding six months, suggesting a lack of engagement in care.
ICU Admission Diagnosis.
The most common ICU admission diagnosis was sepsis (189/282; 64%). Sources of sepsis can be found in Table 2 . Of note, pulmonary infections were the most common (127/189; 67%). These included pneumonia, empyema, Pneumocystis jirovecii pneumonia (PJP), and aspiration.
Of There were no differences in mortality by time period (early versus late) when the study period was split into two equal time periods as described above (aHR 0.71; 95% CI 0.37-1.36; = 0.3 for the more contemporary period compared to the earlier time period) in multivariable modeling. Table 4 . Preexisting cirrhosis (aHR 2.3; 95% CI 1.1-4.7; = 0.024), CAD (aHR 7.0; 95% CI 2-22; = 0.001), duration of HIV infection (aHR 1.07 per year of infection; 95% CI 1.02-1.13; = 0.01), and APACHE II score (aHR 1.12; 95% CI 1.08-1.16; < 0.001) were independently associated with 30-day mortality. Of note, CD4 count and PVL were not associated with 30-day mortality.
Survival and Sensitivity Analyses. Cox regression modeling results are shown in
In our first sensitivity analysis, we explored the association between albumin and 30-day mortality by adding albumin to our primary model. 30/282 (11%) of patients with missing data were excluded from the analysis. Albumin was not independently associated with mortality (aHR 0.95; 95% CI 0.90-1.0; = 0.059).
In our second sensitivity analysis, we examined LDH as a predictor of mortality. There were a large number (92/282; 33%) of patients with missing values. Higher LDH, however, was associated with higher 30-day mortality (aHR 1.003 per 10-unit increase; 95% CI 1.000-1.006; = 0.047).
Third, there were no differences in 30-day mortality based on hospital site. Proportional hazards assumptions were met for all models.
Discussion
In this study, we describe the epidemiology of and outcomes in a population-based cohort of critically ill HIV-infected patients in the post-cART era. Similar to previously published data, our patient population was young (mean age 44 years) [5, 12, 19] . Nearly half of patients were aboriginal and the prevalence of substance use and HCV coinfection were high. Aboriginal patients are disproportionately represented in the HIV-infected population in northern Alberta, with a prevalence of approximately 27% (Houston SC, personal communication, 2016 Apr 20). The high incidence of HIV infection in aboriginal peoples is unfortunately not restricted to our geographic region [20] [21] [22] . Furthermore, aboriginal patients are admitted to ICU at a rate that exceeds their local population prevalence [23] . Interestingly, however, age, sex, ethnicity, substance use, and viral coinfection were not associated with mortality. We postulate that the high prevalence of some of these factors, such as substance abuse, may reflect a higher relative risk of ICU admission compared to other HIV-infected patients [24, 25] .
HIV guidelines [26] currently recommend cART initiation in all patients with HIV infection, regardless of CD4 count. Despite these widespread recommendations, only 41% of known HIV-infected patients in this study were on cART at the time of admission. We believe this reflects social instability and disengagement with care in our population and an opportunity for intervention. The low proportion of patients receiving cART at the time of ICU admission is consistent with previous studies [5, 12] . We recognize that there is likely a selection bias, in that critically ill HIV-infected patients may reflect a subset of the broader HIV-infected population that is less engaged in care and less likely to be on cART. Despite this and similar to prior studies, CD4 count and PVL were not independently associated with short-term mortality [3, 9, [27] [28] [29] [30] . Instead, acute illness severity was strongly associated with mortality in our study, an effect which has been demonstrated in several other studies [6, 9, [31] [32] [33] .
Consistent with the lack of association between CD4 count or PVL and mortality, receipt of cART at the time of ICU admission was not associated with short-term mortality. Several retrospective studies have had similar findings [5, 13, 27, 30, 34, 35] . Only two recent studies demonstrated a survival benefit with cART [6, 9] . While HIV control may predict survival over the longer term [31] , early death appears to be largely driven by acute illness severity and not markers of HIV control.
Interestingly, longer duration of HIV infection was independently associated with 30-day mortality even after adjustment for CD4 count and PVL. We postulate that patients with longer duration of HIV infection may have had longer antiretroviral exposure and subsequent toxicities (e.g., CAD with protease inhibitor use [36] ). Furthermore, the prolonged cumulative inflammatory effects of HIV infection [14, 37, 38] may translate to increased susceptibility to and mortality following an episode of critical illness.
Opportunistic infection was relatively uncommon in our cohort (17%), consistent with recent data demonstrating that HIV-related admissions have declined in the cART era [39, 40] . The most common OI was PJP (87%). Not surprisingly, the median CD4 count in patients with OIs was extremely low (20 cells/mm 3 ). Importantly, half of patients with OIs had newly diagnosed HIV infection.
Neither sepsis nor shock was significantly associated with 30-day mortality. This is in contrast to many previous studies, which found that sepsis was a significant predictor of mortality in critically ill patients with HIV infection [5, 12, 19, 31, [41] [42] [43] . The high incidence of sepsis in our population may explain our inability to detect a mortality difference, if one truly exists.
Preexisting CAD and cirrhosis were both independently associated with mortality. The association between cirrhosis and mortality in HIV-infected patients has been previously recognized [44] . Previous studies have also shown that HIV/ HCV coinfected patients have a higher risk of ICU mortality compared with HIV monoinfected patients [19] ; however we did not observe this. While CAD has been recognized to increase the likelihood of ICU admission in hospitalized patients [43] , no previous correlation between preexisting CAD and ICU mortality has been demonstrated in HIVinfected populations. However, given the low number of patients with CAD in our cohort, this requires further validation.
Despite its strengths, our study has several limitations. First, it is observational and retrospective; however followup was complete and mortality data were available for all patients. In addition, we risk-adjusted to minimize confounding. Second, although our study was multicentered, it was restricted to a single geographic region thereby limiting the generalizability of our findings. Third, some baseline variable data were missing. Although minimal data were missing for some variables (e.g., 2/282 [<1%] for CD4 count), this was more substantial for other variables (e.g., 84/282 [30%] for LDH), which limited our ability to include all variables in our analyses. Fourth, the APACHE II score was developed in 1985 and is considered by some to be somewhat outdated. However, it remains one of the best-known and widely used scores in North America to predict mortality of critically ill patients. The APACHE II score has been validated in a number of ICU populations, including Canadian patients [45, 46] . Furthermore, the APACHE II score has been found to be superior to other scores such as the Simplified Acute Physiology Score (SAPS II) and the Sepsis-related Organ Failure Assessment (SOFA) score [47] in predicting ICU mortality. Although more contemporary APACHE scores are available, these newer scores are more onerous in terms of data collection and depend upon proprietary software. For these reasons, many ICUs continue to calculate the APACHE II score at admission and therefore these data are more commonly available for retrospective use. Fifth, some data (such as CD4 count) may have been influenced by acute illness and therefore not reflective of baseline premorbid state or HIV control. Sixth, adherence to cART and/or prophylaxis could not be confirmed. Therefore, we could not assume that an unsuppressed HIV PVL was due to nonadherence versus other factors (such as drug resistance and/or recent cART initiation). That said, prior studies have found higher CD4 counts and lower HIV PVLs among patients receiving ARVs, even when treatment adherence has not been defined or collected [15] . Seventh, defining suppressed HIV PVL as <200 copies/mL to account for changing assay sensitivity over time introduced some heterogeneity into the subset of patients identified as having suppressed PVL. Patients with very low level viral replication, associated with increased risk of treatment failure and higher levels of inflammation, were grouped with the patients with undetectable PVL. Eighth, limiting our primary analysis to the first ICU admission for each patient excluded all data from subsequent admissions; however, we chose this approach to avoid intrasubject correlation. Lastly, we recognize that selection bias in our publically funded health care system is unavoidable. It remains at the discretion of the intensivist to decline ICU admission to patients when they perceive critical care to be futile. Therefore, patients at high risk of mortality or perceived poor prognosis may not be offered ICU admission. In particular, patients who have been not able to engage in care or adhere to cART prior to critical illness may be perceived as having poor long-term prognosis. Our study did not capture HIV-infected patients who were critically ill but were not admitted to ICU.
We believe our data have implications for health care providers. Given that short-term outcomes appear to be predominantly driven by severity of acute illness, not HIV control, we would advocate that HIV patients receive similar and appropriately aggressive treatments as other critically ill patients. In addition, for those previously diagnosed with HIV infection but not engaged in care, an admission to ICU represents an opportunity for reengagement.
Conclusions
In this Canadian population-based cohort of HIV-infected critically ill patients, severity of critical illness and non-HIVrelated comorbidities were independently associated with 30-day mortality, while specific measures of HIV control were not. Longer duration of HIV infection was associated with increased mortality, suggesting there may be subtle effects of prolonged HIV infection and/or prolonged cART exposure that may modify survival. The association between newly diagnosed HIV and higher survival reinforces the importance of critical care support, particularly in patients yet to have the opportunity to engage in care. However, even in patients with advanced HIV infection, the fact that shortterm outcomes appear to be predominantly driven by severity of acute illness rather than by HIV control lends support to the current practice of delivering similarly aggressive care to HIV-infected patients as to other critically ill patients. The low proportion of critically ill patients with known HIV on cART suggests an opportunity for reengagement during recovery from acute illness.
